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Beyond WEIRD Psychology Supplementary Materials

1 Introduction

Here we formally describe how cultural Fsp is calculated, the questions and dimensions that can be ex-
plored, plot correlations with other measures, and a quick guide to using the online cultural distance tool
(at the time of writing, hosted at http://culturaldistance.com). Figure St and Figure S2 on the following
page is the American scale and Sino scale respectively, showing the 95% confidence intervals.


http://culturaldistance.com
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2 ('Fgr compared to related statistics

Fgr was first described in depth by Wright (1949) and has played a central role in providing insights into
the processes that influence genetic variation within and between groups. It has been shown to be directly
related to important genetic evolutionary processes such as selection, migration, mutation, and drift
(Holsinger & Weir, 2009). Insofar as one accepts the importance of a formal theoretical approach to psy-
chological research and cultural evolution offers a compelling explanation for cultural change (Muthukr-
ishna & Henrich, 2019), then C'Fsr offers a theoretically informed approach to measuring cultural dis-
tance with a long and established history within the broader evolutionary sciences.

Fgr is theoretically meaningful within evolution, because it measures how genotype frequencies for
each subpopulation differ from expectations if there was random mating over the entire population; that
is, it measures the degree to which the populations can be considered structured and separate. For cultural
inheritance, this is directly analogous to between-group differentiation caused by selection, migration,
and social learning mechanisms.

Fgr is particularly theoretically relevant to questions of altruism and selection based on group-structure.
In the case of altruism, Rogers (1990) showed that an altruistic allele is favored by selection when § <
T o - where c and b are the individual costs and benefits. This inequality has been the motivation for
turther empirical elaborations on the evolution of prosociality (Richerson et al., 2016). As the measure,

Fgp has direct relevance to nearly 6o years of mathematical theory behind the evolution of altruism and
cooperation (Hamilton, 1964; Price, 1970) and remains the primary measure within evolutionary science
to measure population structure, or between-group genetic distance. Since it is widely used for genetic
distance (Cavalli-Sforza et al., 1994; Pemberton et al., 2013), it also has the advantage of allowing us to
compare relative genetic distance and cultural distance by comparing Fis7 and C'Fgrp.

Although Fgr is widely used in genetics and evolution, it need not be specific to genes. To see why, it
may be useful to consider the similarity between Fgr and the F-statistic calculated when performing an
ANOVA. In ANOVA too, we are interested in how much of the total variance is explained by the between
group compared to the within group variance. In the case of ANOVA F-statistic, we’re comparing the
variance in group means to the variance within each group. When these are equal, /' = 1 and as the
difference between group means increases, F' >> 1.

2.1 ANOVA

MST
F= MSE

where M ST is calculated using the sum of squares between groups:

SST
MST = ——
5T = Jr(&sT)

_ D iy Ml — z)?
df (SST)
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and M SE is calculated using the sum of squares within groups:

SSE
MBS s

_ >y il — ;) (3)
~ df(SSE)

The F-statistic in ANOVA at it’s core is the ratio of the between-group variance and within-group
variance, equal to 1 when these are equal and larger than 1 as the difference between groups grows. Figr at
it’s core is the ratio of the between-group variance and total variance, equal to o when there is no between-
group difference (i.e. within-group variance = total variance; all total variance is explained by within-
group variance) and equal to 1 when between-group variance explains the total variance (i.e. between-
group variance = total variance; all variance is explained by between-group variance).

2.2 ICC

In ANOVA, the focus is on whether the total variance is best explained by the between group variance or
the within group variance in lieu of determining if groups (e.g. created by different experimental condi-
tions) are different to one another. Other ways of partitioning variance exist to answer different questions.
For example, ICC(1) and ICC(2) are related measures where the goal is to determine if the variance in a
particular variable is explained by membership of a group. A common use for ICC is in measuring inter-
rater reliability, i.e. measuring the degree to which ratings are explained by coming from a particular rater
(where you can treat the rater as the “group” from which the observations are coming from). Typically,
you don’t want ratings to be related to the rater. So for ICC, rather than the mean sum of squares between
groups (M ST') over within groups (M S E') in ANOVA or between group variance over total variance in
For:

MST — MSE

[CC(1> ~ MST 4 ((k; — 1)MSE) (4)
MST — MSE

16C®) = =157

where £ is group size.

2.3 WABA

Similarly, building on ANOVA, one might want to further investigate whether the between or within
group component is more important. The Within and Between Analysis (WABA) method is a multi-step
process for answering this question Dansereau et al. (2006). WABA involves converting these compo-
nents into univariate within and between group variances and bivariate within and between correlations
and then comparing the relative contribution of the within compared to the between components to
the total correlation. Although this method has been used to analyze culture, particularly organizational
culture, the goal and method is different to Figp. The goal of WABA is to determine if the association
between any two variables is primarily driven by the within group level, the between group level, or both,
rather than to quantify the size of the distance between two groups across many variables. That is, WABA

6
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is used to understand what’s driving the relationship between two variables, whereas Fg7 is trying to un-
derstand the relationship between two groups.

ANOVA, ICC, and WABA are related, because they’re ways of comparing variances, but different
because they’re asking different questions and trying to achieve different things.

2.4 57 behavior and edge cases

Fgr is typically restricted to a range between o (identical populations) and 1 (maximally different pop-
ulations). However, when sample sizes are vastly different (and, of course, trait distributions are very
different), Fls7 can exceed 1. Here we use a simulation to explore this edge case.

Let’s begin with a categorical example. Assume two populations with individuals that may either
have trait A with frequencies p41 and p a9 respectively, or some other trait(s). The Fsp calculation for
trait A then becomes,

(n} 4 n3) (pa1 — Paz)?
n1(1 —pa1) + n2(l — paz))(nipar + nopas)

(s)

For 4 = (

A quick simulation confirms that Fig7, 4 > 1 can occur when between-group trait frequencies are
most different, and when population (or sample) sizes are very different. Figure S3 displays this property.

Fgr will increase with increasing between-group differences in trait frequency. But it will also in-
crease with large sample size differences since total individual-level variation changes. This is because the
deviation from the global mean is not weighted by the group’s size in the population. We are asking if
we were to consider each group, how much it deviates from the global mean, looking at it as a fraction
of some measure of between-group variance over some measure of total variance, loosely defined. As per
Cavalli-Sforza et al. (1994) method, we are looking at distance focusing on the contribution of each group
to deviations from a global mean.

Note, that this does not really affect overall country differences, but can come into play when we’re
subsetting questions by particular dimensions or when we’re looking within regions of a country (beyond

the scope of this paper).

2.5 Calculation for Figure 2

To help readers understand the general idea behind Fg7, here we calculate the three cases in Figure 2 of
the main text. We’ll calculate it using the formula for variances in a categorical case:

>oiq (Pri — Pr)?
s—1

var(pr) =
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0.0
20 [{

o

Fst

>
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o
3

o
o

Figure S3. Behavior of Fgr in simple categorical example (s). The upper panel when popu-
lations are the same size, investigating the effects of frequency differences. The lower panel
is when the frequencies are fairly different, p4; = 0.2andp42 = 0.8, and investigating the
effects of population (or sample) size. We learn that increasingly larger between-group dif-
ferences of traits elicit an Flg7 > 1 and that significant differences yield increasing higher

Fgr values when population sizes are more different.

Fer =
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In all cases, the total variance is o.5:

(0.5 — 1)+ (0.5 — 1)°
1

ol —

=0.5

2.5.1 Caser
In Case 1, both populations have 50% Y and 50% N. For between-group, we have:
,  (0.5—-0.5)"+(0.5—-0.5)

o, = 7

So:

2.5.2 Case2

In Case 2, Population rhas 33% Y and 66% N and Population 2 has 66% Y and 33% N. For between-group,

we have:
o (033 0.5)> 4+ (0.66 — 0.5)*
g 1
= 0.055
So:

~0.055

05
=0.11

2.5.3 Cases

In Case 3, Population 1 has 100% N and Population 2 has 100% Y. For between-group, we have:

, (0—-05)74(1-0.5)
O'g = 1

=0.5
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So:

3 Included Variables

We included data from the two most recent waves of the World Values Survey (WVS; 2005-2009 & 2010-
2014). These waves contain answers from 170,247 participants gathered from nationally representative
samples of 80 countries, where approximately 85% of the world live. We included culturally transmissible
values, beliefs, and behaviors selected by Bell et al., 2009, but further excluded questions that were specific
to aregion (e.g. confidence in the North American Free Trade Agreement; NAFTA) - Bell and colleagues
only compared neighboring countries. We exclude all demographic questions (e.g. age and sex). The full
list of inclusions and exclusions can be found in the induded-variables.csv file.

4 Correlation plots

Here we plot the correlations reported in Table 2 of the main text. Correlations with the American scale
are shown in blue. Correlations with the Sino scale and shown in red.
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Figure S4. Correlation between American scale (Blue; C' Fs7 distance from the United

States), Sino scale (Red; C'Fgr distance from China) and other commonly used psycho-

logical and cultural difference and distance measures.

s Cultural Dimensions

Just as a geneticist might only be interested in genes associated with addictions, asthma, or Tay-Sachs, we

might be interested in only in cultural traits associated with politics, religion, or social relations. Analyz-
ing a particular dimension simply involves averaging over a subset of questions rather than the complete
question set. We have created some dimensions and subdimensions based on categories within the World
Values Survey. We list these in the next section. We also conducted a Principal Components Analysis to

21
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explore dimensions that emerge from the data itself. See allele-dimension-data.csv for a complete list of
the questions that were and were not included and the dimensional categories to which they belong. The
analyses and categorization of cultural dimensions should be considered preliminary.

s.x  Dimensions based on WVS Categories

Neutral, Altruism, and Survival are based on Bell et al. (2009). All other dimensions were constructed

based on the World Values Survey dimensions, separated into subdimensions by two research assistants
and MM.

Neutral
| _Altruism
| Survival
| Political
Politics
Democracy
Egalitarianism
Conservatism
Neoliberalism, Capitalism
Authoritarianism
Libertarianism
Change: Social, political
Social action, participation
| Group Membership
Relationship with outgroup
Trust
Discrimination, Ingroup favoritism
Nationalism
| Beliefs
Religion, including Spirituality, existentialism
Norms, tradition
Morality
Death, mortality
| Social Relations
Relationships
Independence, autonomy
Interdependence, collectivism
Child rearing
| Financial
Finance
Economy
| Sexuality
Gender

22
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| Sexuality

| Law

| Security

| Military, war

| _Law, legislation, justice
.__Misc

. __Environment, conservation
| Science, Innovation

| Arts, creativity

| Leisure, recreation, sports, hobbies
| Media, press

| Consumerism

Figure S5. Venn diagram showing the overlap between dimensions (questions can belong

to multiple dimensions.)
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5.2 Dimensions based on Dimension Reduction

A common dimension reduction technique for a dataset such as is this would be Principle Components
Analysis (PCA), applied to the full 2005 and 2010 waves of the World Values Survey. PCA reduces a
matrix of variables X observations to a lower rank matrix of fewer components than the original number
of variables in a way that minimizes the approximation error. Standard PCA is inappropriate in this case
since (a) not all questions are asked between years or countries resulting in missing values, (b) questions
are mostly ordinal or nominal.

Generalized Low Rank Models (GLRM; Udell et al., 2016) is a machine learning technique for di-
mension reduction that generalizes PCA to handle arbitrary data sets (numerical, Boolean, categorical,
ordinal, etc.) and large amounts of missing data. Missing data are imputed by finding correlated features
within the dataset. Apart from the ability to handle categorical and ordinal data and deal with missing
values, GLRM is an ideal dimension reduction technique for cultural data since cultural traits tend to be
highly correlated (see main text for a discussion on this). We used the GLRM feature implemented in the
H20 machine learning framework http://docs.h20.ai/h20/latest-stable/index.html.

The structure of a GLRM includes two matrices: (1) alow-rank embedding of the variables into latent
features or dimensions (similar to the principle components in PCA) and (2) the original observations
encoded in the latent feature space.

Consider a dataset A with m observations (rows) and 7 variables (columns). A here would be the
WYVS data consisting of participant responses to the various questions. The GLRM technique reduces
this matrix to:

1. Matrix X consisting of k dimensions (columns) and m rows, which are projection of the m obser-
vations in A in this reduced space.

2. Matrix Y consisting of n columns of k archetypes (clusters or features within the original data -
somewhat like a set of imaginary, idealized, but very informative example people in our dataset).

By multiplying these two matrices, we can approximately reconstruct the original data set, filling in
missing data and maintaining the integrity of data types. We illustrate this below. These last two char-
acteristics make GLRM analysis extremely useful where mixed data is present with many missing data
points. Once a GLRM is fit, the original missing data can be imputed to provide further insight into
the process being used or the observations themselves, while each resulting matrix can be clustered along
various axes to gain insights into observation profiles, related features, and feature profiles.

A X
[Ap Ao Ao . A [Xeo .. Xox| - b .
A An A ... A X0 oo Xl [Yoo Yo Yoo ... You
Ay Ay Az Aop | ~ | X2o -0 X : : S

: : : : : : : : Yo Yiir Yie ... Yin
Ao Api o A | Koo o X

For more information, see Udell et al. (2016) and http://docs.h20.ai/hao/latest-stable/h20-docs/
data-science/glrm.html. The code is available in the Supplementary Material.
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5.2.1 GLRM Procedure on WVS data

All analyses are on the 2005 and 2010 waves of the WVS. To choose the k value for the GLRM model,
we attempted a computationally intensive 10-fold cross-validation for a subset of % values, splitting the
data into a training and test set. The results were highly consistent for each cross-validation (as expected
due to the high correlation between cultural traits, see Robustness of Cultural Distance below). We then
focused on a greater range of k values from £ = 2 : 50, removing 10% of the data and search for the
GLRM model that best imputed this known missing data. For all values of k, the GLRM model applies
a Categorical and Ordinal loss function to categorical and ordinal data respectively (Udell et al., 2016).
Our goal was to identify the best fitting set of archetypes. These archetypes are clusters of related values
within the dataset. The GLRM approach maps these archetypes back onto the variables, allowing us to
see how the variables are related. These relationships give us the reduced dimensions within the dataset.
This approach suggested a minima around k = 29 as the lowest k value that minimized test error.

Normalized Imputation Error by Archtype Number Cumulative Variance of Components
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Figure S6. On the leftis normalized test error by £ value. The test error minima with lowest
k value occurs around £ = 29. On the right is the variance explained by the number of

COl’l’lpOI’lCl’ltS.

We then use clustering algorithms on the 29 archetypes identified by the GLRM to determine the
dimensions within this reduced dataset. The clustering methods used were: (1) Partitioning Around
Medoids (PAM) k-medoids algorithm (similar to k-means, but for non-numerical data; Reynolds et al.,
2006); (2) Multiple Correspondance Analysis (MCA; Abdi & Valentin, 2007; Greenacre & Hastie, 1987;
Johnson, 2014); and (3) Hierarchical clustering on principle components (HCPC; Le et al., 2008). We use
the silhouette coefficient (Rousseeuw, 1987) method looking at the maximal silhouette width to confirm
the number of clusters.
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All three clustering methods supported a division of the low-rank representation of dimensions into
4 dimensions, confirmed by silhouette width.

Silhouette Width
0.6 07
| |
G

05

04

03
L

5 10 15 20 25

Number of clusters

Figure S7. Silhouette width for £ = 29 is maximized at 4 dimensions.

s.2.2 Dimensions clustered

The HCPC method gives us a nice clustering diagram to show the questions that align with these 4

dimensions. Here we plot with questions in each dimension.
It can be difficult to see exactly how these questions align in the 4 dimensions, but mapping them
against the pre-determined dimensions to which they belong offers some insight.
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Figure S8. Questions within each of the 4 dimensions, color coded for convenience.
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Beyond WEIRD Psychology Supplementary Materials

The four dimensions (going from top to bottom) might be described as:
1. Moral and religious values, and political attitudes

2. Differences in what the society values and meeting those social expectations. These questions seem

to align with conservative vs liberal values.
3. Ingroup and outgroup attitudes including trust and national priorities.
4. Differences in child rearing

We list the full 29 archetypes and questions in a table at the end.

6 GLRM archetypes matched to questions

In the table below, we list the full 29 archetypes and questions.
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=  Cultural Distance Online Tool Guide

This is a guide to using vo.9.sbeta of the Cultural Distance online tool from which the American scale of
cultural distance can be generated. The tool can be used to compare any two countries along all question
or particular dimensions. It can also generate visualizations to illustrate the size of these differences. The
current location is culturaldistance.com.

Figure Sto  shows the front page of the Cultural Distance online tool. The first column has links to
Data Config (the page shown), Visualization, and About.

The next column has three sections. In the first section, countries can be selected. Researchers can
select all countries or select a subset of countries. To add another country, click the space after the last
country and begin typing the country name. To delete a country, click the country and press the Deleze
key on your keyboard. In the section below, you can select which dimension you are interested in. By
default, all questions are included. The third and final selection allows you to select the World Values
Survey waves you wish to include in your analysis. By default the last two waves (2005-2009 and 2010-
2014) are selected. As with selecting countries, to include another wave, click after the final wave and
begin typing. To delete, select the wave and press the Delete key on your keyboard. The tick box below
the years allows you to include the 95% confidence interval. At the time of writing, this only affects the
number line visualization and the matrix in the right column. Finally, you can choose to combine all
selected waves, or explore the waves separately (e.g. looking at how distant a country is from itself at an
earlier point in history or comparing countries during particular periods of time).

The third column lists information about your selected parameters, including the number of coun-
tries selected and then displays a matrix of cultural Fsp values. If 95% confidence interval tickbox is se-
lected, this will instead show the confidence interval. You can search for a particular country using the
search box on the top right of this matrix. You can download the matrix by clicking the Download button
at the bottom left of the matrix.
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Figure Sto. The front page of the Cultural Distance online tool.

Figure S1x  shows the rooted tree visualization. It can be accessed by clicking on the Visualization but-
ton in the first column.

This is a visualization of the Saitou et al. (1987) neighbour-joining algorithm (see also Studier and
Keppler, 1988) applied to the pairwise matrix of cultural distances between selected countries on the Data
Config screen. The neighbour-join algorithm attempts to pair the two most similar countries and then
the two most similar pairs of countries and so on. We use the implementation in the 77 function of the
ape R package Paradis et al. (2004), visualized using the ggtree function in the ggtree R package Yu et al.
(2017).

This visualization shows roughly how countries cluster. However, in general any kind of phylogenetic-
like tree is problematic for cultural data because of the horizontal transmission problem. Most countries
in the world legislate monogamy, not because of common descent, but because of the spread of Christian-
ity. As such, the removal of some countries can move other countries around quite a bit. Nonetheless,
the rooted tree is a useful, if flawed method of understanding which countries are most culturally similar
to each other.
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Figure S11. Rooted tree of cultural distances, visualizing the results of the neighbour-

joining algorithm applied to the cultural distance matrix.

Figure S12.  shows the same data visualized using an unrooted tree. It can be accessed by clicking on the
Unrooted tree option in the Visualization section on the top right.

The unrooted tree is visualized using the ggtree function in the ggrree R package Yu et al. (2017). It
may be preferable in that removes the illusion of a cultural phylogeny, but still offers information about
how countries are culturally clustered.
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Visualization

- Rootedtree @ Unrooted tree

Unrooted Tree

& pownload

Figure Srz. Unrooted tree of cultural distances, visualizing the results of the neighbour-

joining algorithm applied to the cultural distance matrix.

Figure S13  shows the distance between selected countries from a particular focal country. By using the
United States as a focal country, we construct a American scale of cultural distance. This number line
can be accessed by selecting a country option in the Comparison countries section on the top left. If the
95% confidence interval tickbox is selected on the Data Config page, then confidence interval information
will be included in this visualization.

As noted in the main text, two countries being similarly distant from the focal country (and therefore
close to each other on the number line) does not imply that these countries are culturally similar to each
other. Cultural distance is made up of many dimensions just as geography is made up of 2 dimensions.
Along these two dimensions, Colombia and the United Kingdom are similarly physically distant from
the United States, but not physically close to each other.
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Visualization
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Figure S13. A number line comparing the cultural distance between a particular focal coun-
try and all other countries. The top graph has no information about confidence intervals.
The bottom graph has confidence interval information. Here we use the United States as a
the focal country thereby offering an American scale of cultural distance. Note that similar
distance from the United States (i.e. two countries that are close to each other on the line
above) do not imply that these countries are culturally similar, only that they are equally
dissimilar to the United States. Consider Colombia and the United Kingdom-similarly

2.
physically distant from the United States, but nowhere near each other.
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Figure S14  shows the distance between selected countries from a particular focal country. It’s the same
data as visualized on the number line, but placed on a map colored darker with increasing distance. This
map can be accessed by selecting a country option in the Comparison countries section on the top left and
then selecting Colored map from the Visualization section in the top right. The same caveats about what
this distance means apply to the map as to the number line.

Note that the World Values Survey misses a lot of African countries. Thus although it would appear
that many Islamic countries are the most culturally distant from the United States, Africa may hold even
greater cultural distance (just as it holds greater genetic distance Pemberton2or3PopulationVariation).

Visualization

FST value

0.00

|0.025 - 0.078
[ 0.079-0.131
o132 -0.185
o 186 - 0.241

NA

Sources: World Value Survey, Natural Earth Data

& Download

Figure Sr4. A map comparing the cultural distance between a particular focal country and
all other countries. Here we use the United States as a the focal country thereby mapping

an American scale of cultural distance.

Figure S1s  shows a histogram (top) or density plot (bottom) of Fgr values for different dimensions.
Here we contrast the United States to China, two very well compared countries within the cultural psy-
chology literature. This histogram can be accessed by selecting a country option in the Comparison coun-
tries section on the top left and then selecting a second country in the textbox to the right of the first
country. You can then select the visualization by clicking Stacked histogram or Density in the Visualiza-
tion section in the top right.

Clicking on a dimension allows you to show a histogram or density plot of the subdimensions of the
clicked dimension. At any point clicking Question in the Level part of the Visualization section in the top
right will show a breakdown of all the questions in that dimension or subdimension.

At the time of writing, this is an experimental feature and is a bit finicky to use. There is a fairly
long lag between clicking on a dimension and the next graph appearing. Moreover, it can be a difficult
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to go back to the previous graph without retracing your steps. Finally, questions are listed by the variable
name in the allele-dimension-data.csv file (the most up-to-date version that matches the online tool can
be found in the About link in the first column, currently hosted at http://michael.muthukrishna.com/
cultural-distance-data/. Expect improvements in the next version.

® Stacked histogram

Level

All: United States vs China

United States v | china - Stacked histogram @ Density

i About Level

® sub-dimension () Question

< share..

All: United States vs China

& pownload

Figure S1s. A histogram (top) or density plot (bottom) of cultural Fg7 values for different
dimensions. Clicking on difterent dimensions in the plot will show a similar plot for the

subdimensions of the clicked dimension.
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Figure S16 is an example of clicking on the “Group Membership” dimension on the density plot. We
see that the largest differences are in the “Discrimination, ingroup favoritism” subdimension.

Cultural Distance 0.9.5beta =

Comparison countries Visualization

United States v | china - Stacked histogram  @© Density

i About Level

® Sub-dimension () Question

< share..

ALL_Group_Membership: United States vs China

dimension
40 ® GROUR_vEnsERSH
© GROUR_vENsERSH:
® GROUR_vENsERSH:
® GROUR_vENBERSHIP Tt

23 02 01 20 04 02 03 04 05

& pownload

Figure S16. A density plot of cultural Fsr values for the “Group Membership” subdimen-

sions, accessed by clicking on the “Group Membership” density plot.

Figure S17  is an example of clicking on the “Discrimination, ingroup favoritism” subdimension. We
then selected Question for a breakdown of questions.
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Comparison countries
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& pownload

Figure S17. A density plot of cultural Fgr values for the Discrimination, ingroup fa-

voritism” subdimension, showing the breakdown of questions.

Figure S18  is an example of the country distributions for a particular question, in this case vis, “Men
make better political leaders than women do”. This breakdown reveals that the Chinese are split with
slightly more agreeing that disagreeing with the statement. In contrast, most United States participants
disagree with the statement.
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Figure S18. A break down of responses to the question virs: “Men make better political
leaders than women do”. This breakdown reveals that the Chinese are split with slightly
more agreeing that disagreeing with the statement. In contrast, most United States partic-

ipants disagree with the statement.
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